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Abstract 



. . The cross section for the production of W bosons with subsequent decay W — > tv t is measured with the ATLAS detector 
,— ' at the LHC. The analysis is based on a data sample that was recorded in 2010 at a proton-proton center-of-mass energy 
of \fs = 7 TeV and corresponds to an integrated luminosity of 34 pb _1 . The cross section is measured in a region of 
high detector acceptance and then extrapolated to the full phase space. The product of the total W production cross 
section and the W — > tv t branching ratio is measured to be a^t_^. TV = H-l ^ 0-3 (stat) ± 1.7 (syst) ± 0.4 (lumi) nb. 



Keywords: W boson, Standard Model, tau lepton 



> 



00 

o 



1. Introduction 

X ■ 

The study of processes with r leptons in the final state 
is an important part of the ATLAS physics program, for 
example in view of searches for the Higgs boson or super- 
(— | Symmetry [l], 0, Ejj]. Decays of Standard Model particles 
l — Mo t leptons, in particular Z — > tt and W — > tv t , are im- 
portant background processes in such searches. Studies of 
the W — > tv t decay complement the measurement of W 
production in the muon and electron decay modes 0, 0] ■ 
In addition, W — > tv t decays can be used to validate 
the reconstruction and identification techniques for r lep- 
tons and the measurement of the missing transverse energy 
(E™ BS ), which are both fundamental signatures in a wide 
spectrum of measurements at the LHC. 

At next-to- next-to-leading order (NNLO), the W — >• tv t 
• • signal is predicted to be produced at y/s — 7 TeV with a 
. ^ cross section times branching ratio of a x BR = 10.46 ± 
Since purely leptonic r decays cannot 
be easily distinguished from electrons and muons from 
W — > ev e or lf-> [iv^ decays, the analysis presented in 
this paper uses only hadronically decaying r leptons (jh). 
Events from W — > tv t production contain predominantly 
low-px W bosons decaying into r leptons with typical vis- 
ible transverse momenta between 10 and 40 GeV. In ad- 
dition, the distribution of the missing transverse energy, 
associated with the neutrinos from the W and Th decays, 
has a maximum around 20 GeV and a significant tail up 
to about 80 GeV. 

Previous measurements at hadron colliders of W boson 
production with the subsequent decay W — > tv t based on 
pp collisions were reported by the UAl collaboration Q at 
ccntcr-of-mass energies of y/s = 546 GeV an d -^/ s = 630 GeV 
and by the CDF and DO collaborations 1(| 11 1 at a center- 
of-mass energy of \/s = 1.8 TeV. 



In this Letter, we describe the measurement of this 
process with yfs = 7 TeV pp collision data, which were 
recorded with the ATLAS experiment at the LHC. 

2. The ATLAS detector 

The ATLAS detector is described in Ref. 12]. The 
cylindrical coordinate system is defined with polar an- 
gles 9 relative to the beamline and azimuthal angles in 
the plane transverse to the beam. Pseudorapidities r\ are 
defined as r\ = — In tan |. Transverse momenta, pt, are 
defined as the component of momentum perpedicular to 
the beamline. Distances are measured in the rj-cfi plane as 
AR = y/Ar] 2 + A<j) 2 . 

Measurements of charged-particle trajectories and mo- 
menta are performed with silicon detectors in the pseudo- 
rapidity range I77I < 2.5, and also by a straw-tube track- 
ing chamber in the range |?7| < 2.0. Together, these sys- 
tems form the inner tracking detector, which is contained 
in a 2 T magnetic field produced by a superconducting 
solenoid. These tracking detectors are surrounded by a 
finely segmented calorimeter system which provides three- 
dimensional reconstruction of particle showers up to 
\r]\ < 4.9. The electromagnetic calorimeter uses liquid ar- 
gon as the active material and comprises separate bar- 
rel (|?7| < 1.5), end-cap (1.4 < \-q\ < 3.2) and forward 
(3.2 < \rj\ < 4.9) components. The hadron calorimeter is 
based on scintillating tiles in the central region (I77I < 1.7). 
It is extended up to |?/| = 4.9 by end-caps and forward 
calorimeters which use liquid argon. The muon spectrom- 
eter measures the deflection of muon tracks in the field of 
three large superconducting toroidal magnets. It is instru- 
mented with trigger and high-precision tracking chambers. 

The trigger system consists of three levels. The first 
level is implemented as a hardware trigger, while the de- 
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cision on the following levels is based on software event 
processing similar to the offline reconstruction. 

3. Data samples 

The data used in this measurement were recorded in 
proton-proton collisions at a center-of-mass energy of 
y/a = 7 TcV during the 201 LHC run. The integrated lu- 
minosity of the data sample, considering only data-taking 
periods where all relevant detector subsystems were fully 
operational, is 34 pb _1 13|,ll4|. The data were collected 



using triggers combining the two main signatures of 
W — > Th^ r decays, namely the presence of a hadronically 
decaying r lepton and missing transverse energy. 

Processes producing W or Z bosons that subsequently 
decay into electrons or muons constitute important back- 
grounds to this measurement if the lepton from the decay 
or an accompanying jet is misidentified as a hadronically 
decaying r lepton. Here, the missing transverse energy 
signature arises from a W decay neutrino or the misrecon- 
struction of jets or of other objects in the event. Also, 
W — > tv t decays with the r decaying leptonically are 
considered as a background. Incompletely reconstructed 
Z — > tt and tt decays can also enter the signal sample. 
The number of background events from these electroweak 
processes is referred to as New m the following. 

The production of W and Z bosons in association with 
jets is simulated with the PYTHIA 15] generator with the 
modified LO parton distribution function (PDF) MRSTLO* 
(l6| and normalized to the NNLO cross section; tt pro- 
cesses are generated with MC@NLO [13], where parton 
showers and hadronization are simulated with HERWIG [l8[ 
and the underlying event with JIMMY The TAUOLA 
[20I ] and PHOTOS 21 1 programs are used to model the 
decay of r leptons and the QED radiation of photons, re- 
spectively. 

All simulated samples include multiple proton-proton 
interactions (pile-up) produced with PYTHIA using the 
ATLAS MC10 tune [22j . Those samples are passed through 
a full detector simulation based on GEANT4 [HEl. The 
simulated events are re-weighted so that the distribution 
of the number of reconstructed primary vertices per bunch 
crossing matches the data. 

Due to their large production cross sections, QCD pro- 
cesses provide a significant background if quark/gluon jets 
(QCD jets) are misidentified as hadronic t decays and a 
significant amount of E™ lss is measured, mainly due to in- 
complete reconstruction. The number of QCD background 
events A^qcd is estimated directly from data. 

4. Object reconstruction 

Electron candidates, which together with muons are 
relevant for the electroweak background, are reconstructed 
from a cluster in the electromagnetic calorimeter matched 
to a track in the inner tracking detector. The cluster must 



have a shower profile consistent with an electromagnetic 
shower [25[. Muon candidates are reconstructed by com- 
bining tracks in the muon spectrometer with tracks in the 
inner tracking detector 26] . 

Jets are reconstructed with the anti-fc t algorithm [27| 
with a radius parameter R = 0.4. The jet energies are 
calibrated [28[ using a pp- and ^-dependent calibration 
scheme, corrected for losses in dead material and outside 
the jet cone [29}. All jets considered in this analysis are 
required to have a transverse momentum above 20 GeV 
and a pseudorapidity in the range | ^7 1 < 4.5. 

Reconstructed jets within \r]\ < 2.5 provide the starting 
point (seed) for the reconstruction of hadronic r decays. 
The direction of a Th candidate is taken directly from the 
corresponding seed jet. The energy is calibrated by apply- 
ing a dedicated correction extracted from Monte Carlo to 
the sum of energies of the cells that form the clusters of 
the seed jet [3(J. Therefore, the energy of the Th refers to 
the visible decay products. The transverse momentum is 
calculated as pt — Es'm9, i.e. Th candidates are treated 
as massless. Good-quality tracks are associated with a Th 
candidate if they are found within AR < 0.2 around the 
seed jet axis. At least one track must be associated to the 
candidate. 

The Th identification [3(| is based on eight observables: 
The invariant mass of the t decay products is calculated 
separately using the associated tracks and the associated 
clusters. The fact that the t decay products are typically 
more collimated than QCD jets is quantified by calculat- 
ing the transverse momentum-weighted radius from tracks 
and the energy-weighted radius from electromagnetic en- 
ergy information. The fraction of transverse energy within 
AR < 0.1 of the Th seed direction is used as well. Further 
discrimination is provided by the fraction of the transverse 
Th momentum carried by the highest-px track and the frac- 
tion of transverse energy deposited in the electromagnetic 
calorimeter, for which higher values are expected in case 
of hadronic t decays compared to QCD jets. For Th candi- 
dates with more than one associated track, the r lifetime is 
also exploited by measuring the decay length significance 
of the associated secondary vertex in the transverse plane. 
The single most discriminating of these quantities is the 
energy-weighted radius 
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where i iterates over cells in the first three layers of the 
electromagnetic calorimeter associated with the Th candi- 
date, ARi is defined relative to the Th seed axis, and Elpf 
is the cell transverse energy. 

These eight variables are combined in a boosted deci- 
sion tree discriminator (BDT) [3l| , which provides an out- 
put value between (background-like) and 1 (signal-like) 
with a continuous gradient of signal and background effi- 
ciency. This discriminator was optimized using a combi- 
nation of W —> t-^Vt and Z — > tt Monte Carlo samples for 
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the signal. The background was modeled from dijet events 
selected from data. For T n transverse momenta (p T h ) above 
20 GeV, the efficiency of the Th identification at the tighter 
working point of the BDT identification considered for this 
measurement is about 30% with a jet rejection factor of 
100 for Th candidates with one track, while for candidates 
with three tracks it is about 35% with a rejection factor of 
300 30]. Additional requirements on the calorimeter and 
tracking properties of Th candidates are used to discrimi- 
nate against electrons and muons. 

The missing transverse energy in the event, E™ lss , is re- 
constructed as 
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'(E™ iss ) 2 + {E™ iss ) 2 , where (E£ 
is the vector sum of all calorimeter energy clusters in the 
region \rj\ < 4.5, corrected for identified muons (32|. With 
good approximation, the resolution of E™ laa components 
is proportional to a x \f^2, Et, where the scaling factor a 
depends on both the detector and reconstruction perfor- 
mance and ^2 is calculated from all calorimeter energy 
clusters. The factor a is about 0.5 \J GeV for minimum 
bias events [33| . 

In order to reject events with large reconstructed E^ lss 
due to fluctuations in the energy measurement, we define 
the significance of E™ lss as: 
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S E mi SS is found to provide better discrimination between 
the signal and the background from QCD jets than a sim- 
ple E™ ss requirement. 

5. Event selection 

Events are selected using triggers based on the pres- 
ence of a Th jet and E!f lss . In the earlier part of the 
2010 data taking, corresponding to an integrated lumi- 
nosity of 11 pb _1 , a loosely identified Th candidate with 
pip > 12 GeV (as reconstructed at the trigger level) in 
combination with E™ lss > 20 GeV was required. In the 
second part of the period (24 pb _1 ), a tighter Th identifi- 
cation and higher thresholds of 16 GeV and 22 GeV had 
to be used for pij and E™ lss , respectively, due to the in- 
creasing luminosity. The signal efficiencies of these two 
triggers with respect to the offline selection are estimated 
from the simulation to be (81.3±0.8)% and (62.7±0.7)%, 
respectively. 

Events satisfying the trigger selection are required to 
have at least one reconstructed vertex that is formed by 
three or more tracks with pt > 150 MeV. Further selec- 
tion requirements based on calorimeter information are ap- 
plied to reject non-collision events and events containing 
jets that were incompletely reconstructed or significantly 
affected by electronic noise in the calorimeters. 

The calorimeter has a lower resolution for jets in the 
barrel-endcap transition regions. In order to ensure a uni- 
form E™ lss resolution, events are rejected if a jet or a Th 
candidate with 1.3 < \r)\ < 1.7 is found. In events where 



the E™ lss is found to be collinear to one of the jets, the re- 
constructed E!f lss is likely to originate from an incomplete 
reconstruction of this jet. Therefore, a minimum separa- 
tion \Ac/}(iet,E^ iss )\ > 0.5 rad is required. 

In order to suppress backgrounds from other leptonic 
W and Z decays, events containing identified electrons or 
muons with p^ > 15 GeV are rejected. The highest-px 
identified Th candidate in the event is considered for fur- 
ther analysis and required to be in the pseudorapidity 
range \r/\ < 2.5 and to have 20 < p T h < 60 GeV. A mini- 
mum E™ ss of 30 GeV is required and events are rejected 
if S E miss < 6. 



6. Background estimation 

The number of expected events from signal and elec- 
troweak background processes is obtained from simulation. 
This is justified by the good agreement between data and 
simulation observed in the ATLAS W cross section mea- 
surements 0, [B[ through decays into electrons or muons. 
It is further validated using a high-purity data sample of 
W — > fiv^ events, in which the muon is removed and re- 
placed by a simulated Th lepton. Thus, only the r de- 
cay and the corresponding detector response are taken 
from simulation while the underlying W kinematics and 
all the other properties of the event are obtained from the 
W — > fiVn events selected in data. Figure [T] compares the 
distribution of S E mi SS for the Th-embedded data sample 
with simulated W — > Th^ T events. A good agreement is 
observed within the statistical uncertainties, which adds 
further confidence in the electroweak background event 
model provided by the simulated event samples used in 
this analysis. 
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Figure 1: Distribution of S F mi B s for the Th-embedded W — > p„ 

T 

data sample (points) and simulated W — > t^v t events (histogram), 
including statistical uncertainties. 

The background contribution from QCD jet produc- 
tion, for which the cross section is large and the selection 
efficiency is low, cannot be reliably modeled using simu- 
lated events alone and is thus estimated from data. In 
addition to the signal-dominated data set defined by the 
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A 


B 


C 


D 


N l (Data) 

N* ie (W -> r h v T ) 


2335 
1811 ± 25 
284 ± 7 


4796 
683 ± 16 
118 ± 4 
0.38 ± 0.01 


1577 
269 ± 8 
388 ± 9 
0.31 ± 0.01 


27636 
93 ± 5 
90 ± 4 
0.087 ± 0.003 


/V 1 
QCD 


127 ± 8 


3953 ± 75 


885 ± 45 


27444 ± 166 



Table 1: Estimated sample compositions and a factors (as defined in Equation [4{ in the signal region A and control regions B, C, and D 
defined in the text. 



selection described in Section [5j three background control 
regions are denned by inverting the requirements on the 
S^miss and/or the Th identification (ID), resulting in the 
following four samples: 

• Region A: S , B mi 3S > 6.0 and Th candidates satisfying 
the signal r h requirements described in Section 2] 

• Region B: S E xmB B < 4.5 and Th candidates satisfying 
the signal-region Th ID requirements; 

• Region C: S , B mi SS > 6.0 and Th candidates satisfy- 
ing a looser Th-ID but failing the signal-region Th ID 
requirements; 

• Region D: S E mise < 4.5 and Th candidates satisfy- 
ing a looser Th-ID but failing the signal-region t\ x ID 
requirements. 

Here, the looser Th-ID region is defined by selecting Th 
candidates with a lower value of the BDT output. 

After ensuring that the shape of the S^mus distribu- 
tion for the QCD background is independent of the Th-ID 
requirement and assuming that the signal and electroweak 
background contributions in the three control regions are 
negligible, an estimate for the number of QCD background 
events in the signal region A is provided by 
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where represents the number of observed events in re- 
gion i. 

In order to take into account the residual signal and 
EW background contamination in the control regions 
% = B,C,D, the number of selected events, N l , needs to 
be replaced in Equation [3] by N l — Ci(N A — Nq CD ), where 
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is the ratio of simulated signal and EW background events 
in the control region i and the signal region. Therefore 
Equation [3] becomes: 
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Monte Carlo statistics, and the statistical uncertainty of 
the data in the four regions. The resulting estimates of 
the sample compositions are summarized in Table [1] 

The quality of the description of the selected data by 
the background models can be judged from Figures [5] and [31 
where data and the background estimates (EW and QCD) 
are shown. Figure 2(a) shows the distribution of S E mi SS in 
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The statistical error on Nq CD includes both the uncer- 
tainty on the calculation of the coefficients, due to the 
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Figure 2: (a)S F miHs distribution in the combined region AB, ex- 

T 

tended over the full Spmisa range. The QCD background shape has 

T 

been extracted from regions CD. Monte Carlo signal and EW back- 
ground in regions AB are also shown; (b) the identification 
variable i?EM m the combined region AC. The QCD background 
shape has been extracted from regions BD. Monte Carlo signal and 
EW background in regions AC are also shown. 
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Figure 3: (a) Distribution of missing transverse energy in signal region A on a linear scale. The QCD background shape has been extracted 
from control region C. (b) Same distribution on a logarithmic scale, (c) Transverse momentum and (d) number of tracks of candidates in 
signal region A. The QCD background shape has been extracted from control region B. (e) Distribution of A0(rj 1 , £™ lss ) and (f) transverse 
mass hit in signal region A. The QCD background shape has been extracted from control region C. The expectation from Monte Carlo signal 
and EW background in region A are also shown. 



regions A and B, extended over the full S E miee range, for all 
events passing the selection criteria except for the S E mi SB 
requirement. In Figure |2(b)| the distribution of -Rem is 
shown. In this case events passing the selection criteria but 
considering Th candidates identified by the loose and the 
tight selections in regions A and C are shown. The agree- 
ment between data and Monte Carlo expectation confirms 
the results obtained by the data-driven background esti- 
mation. In Figure|3]the distribution of E™ lss , the pT^ spec- 
trum, the number of tracks associated to the Th candidate, 
the distribution of A(/>(Vh, E™ lss ) and the transverse mass, 

m T = ^2 • p T * ' ^T iss ' (1 - cos (r h , E™ iss )) , in the se- 
lected signal region A are shown, illustrating the charac- 
teristic properties of W — > T\yV r decays. In all the distribu- 
tions reasonable agreement is observed between the data 
and Monte Carlo prediction. 

7. Cross section measurement 

The fiducial cross section is measured in a phase space 
region given by the geometrical acceptance of the detector 
and by the kinematic selection of the analysis (as described 
in Section [5]). This region is defined based on the decay 
products from a simulated hadronic r decay and corre- 
sponds to the criteria presented in Tabled 

Here, the visible r momentum p^ vls and pseudorapid- 
ity 7y r ' vls are calculated from the sum of the four- vectors of 



20 GeV < Pt VIS < 60 GeV 
|?7 T > vis | < 2.5, excluding 1.3 < |?y r ' vis | < 1.7 
(IX)t>30 GeV 
IA^p^.Ep")! >0.5 



Table 2: Definition of the acceptance region. 

the decay products from the simulated hadronic r decay, 
except for the neutrinos. This momentum also includes 
photons radiated both from the r lepton and from the de- 
cay products themselves, considering only photons within 
AR < 0.4 with respect to the Th. The minimum E!f lss 
requirement translates into a cut on the transverse com- 
ponent of the sum of the simulated neutrino four- vectors 

(Ep")t. 

The fiducial cross section, including the branching ratio 
BR(W — > Th^ r ), is computed as 

fid _ jVobg - AW 

^^"r ~ C W C ' 

where JV bs is the number of observed events in data, iVbkg 
is the number of estimated (QCD and EW) background 
events (signal region A in Table [IJ, and C is the inte- 
grated luminosity. Cw is the correction factor that takes 
into account the efficiency of trigger, Th reconstruction and 
identification and the efficiency of all selection cuts within 
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the acceptance: 
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gen, kin/gcom 



(7) 



where N lec0t a ii cu t s is the number of fully simulated signal 
events passing the reconstruction, trigger and the selection 
cuts of the analysis and iVgen, kin/gcom is the number of 
simulated signal events within the fiducial region defined 
above. 

With the kinematic and geometrical signal acceptance 
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-^gen, all 

where N gen> a n is the total number of simulated signal 
events while N gen ^ kin/geom is the denominator of Cw, the 
total cross section 
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a W^T h v- r — °w- 
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can be obtained. Aw and Cw are determined using a 
PYTHIA Monte Carlo signal sample described in Sec- 
tion [3J The fiducial acceptance is found to be Aw = 
0.0975 ± 0.0004 (MC stat) and the correction factor 
C w = 0.0799 ± 0.0011 (MC stat). 

The measured fiducial cross section of the W — » t^Vt 
decay is affl^^ = 0.70 ± 0.02 (stat) nb and the total 
cross section is found to be Oyy_^ — 7.2 ±0.2 (stat) nb. 

Several alternative analyses are performed to confirm 
these results. For example, the BDT T n ID is replaced by 
a simpler identification based on cuts on three of the ID 
variables only |30j . Also, in order to study the influence 
of pile-up on the result, the signal selection is restricted 
to events with only one reconstructed primary vertex. In 
both cases consistent results are found. 

8. Systematic uncertainties 

Table [3] summarizes the systematic uncertainties. The 
main sources are discussed in the following. 

Monte Carlo predictions. 

The trigger efficiency is determined in Monte Carlo for 
the combined i?™ ISS and T n triggers used in the two data 
periods. The differences between the measured trigger re- 
sponses of the two trigger components in data and Monte 
Carlo are used to determine the systematic uncertainty. A 
pure and unbiased sample enriched with W — > t\ x v t events 
is obtained in data by applying an independent T n (E^ lss ) 
trigger and selected cuts of the event selection like the 
BDT r n ID. The corresponding _E™ 1SS (r n ) trigger part is 
applied to this sample and the response of this trigger is 
compared to the response in Monte Carlo. The observed 
differences are integrated over the offline pT^ and E^ lss 
range used for the cross section measurement. The total 
systematic uncertainty after the combination of the differ- 
ent trigger parts is 6.1%. 



The signal and background acceptance depends on the 
energy scale of the clusters used in the computation of 
E!f lss and S E mi^ and the energy scale of the calibrated T n 
candidates. Based on the current knowledge of the cali- 
bration the uncertainty due to cluster energy within the 
detector region \r/\ < 3.2 is at most 10% for p^ of 500 MeV 
and within 3% at high p^ 34|. In the forward region 

M 



> 3.2 it is estimated to be 10%. The effect on E2 



and S^miss has been evaluated by scaling all clusters in the 
event according to these uncertainties and recalculating 
E™ ss and At the same time, the T n energy scale has 

been varied according to its uncertainty | 3o| . This uncer- 
tainty depends on the number of tracks associated to the 
Th candidate, its pt and the rj region in which it was recon- 
structed, and ranges from 2.5% to 10%. In addition, the 
sensitivity of the signal and background efficiency to the 
^miss resolution has been investigated [33| . Consequently, 
the yield of signal and EW background varies within 6.7% 
and 8.7%, respectively. 

The identification and reconstruction efficiency of Th 
candidates was studied with Monte Carlo W — > t\^v t and 
Z — > tt samples and was found to vary with different 
simulation conditions such as different underlying event 
models, detector geometry, hadronic shower modeling and 
noise thresholds for calorimeter cells in the cluster recon- 
struction. In Ref. [30j . these uncertainties are evaluated 
as a function of pT^ , separately for candidates with one or 
multiple tracks and low or high multiplicity of primary ver- 
tices in the event. The corresponding changes in the signal 
and EW background efficiencies are found to be 9.6% and 
4.1%, respectively. 

The probability of a jet or electron to be misidentified 
as a Th candidate has been evaluated in data and compared 
with the expectation from Monte Carlo. The rate of jets 
that are misidentified as Th candidates was calculated us- 
ing a selection of W— > ^z/f+jets events (with I = e, /i) and 
measuring the fraction of reconstructed candidates that 
are found by the Th identification. The difference of this 
misidentification rate in Monte Carlo compared to that in 
data is 30% and this was applied as a systematic uncer- 
tainty to the fraction of events mimicked by a jet. The 
overall uncertainty on the EW background is 7.2%. The 
misidentification probability of electrons as Th candidates 
has been determined with a "tag-and-probe" method using 
Z — > ee events where the Th identification and Th electron 
veto is applied to one of the electrons. The difference be- 
tween the misidentification probability in data and Monte 
Carlo as a function of 77 has been applied as a systematic 
uncertainty to Th candidates mimicked by an electron. It 
amounts to 4.5% for the total EW background. 

Other sources of systematic uncertainty have been eval- 
uated and were found to have only small effects on the 
resulting cross section measurement, for example the pro- 
cedure to include pile-up effects, the uncertainty on the 
lepton selection efficiency entering via the veto of elec- 
trons and muons and the influence of the underlying event 
modeling on E!f lss quantities. The uncertainties on the 
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2.1% 


0.1% 


Monte Carlo statistics 


1.4% 


2.4% 


6.0% 


1.5% 


Total systematic uncertainty 


13.4% 


15.2% 


6.9% 


15.1% 



Table 3: Summary table for systematic uncertainties. For the systematic uncertainty on the fiducial cross section measurement, correlations 
between the systematics affecting Cy/ and -/Vew have been taken into account. 



cross sections used for the EW background are taken from 
ATLAS measurements, when available, or theoretical 
NNLO calculations, and lie between 3 and 9.7% [1, I3BL 
0, 0]- The uncertainty on the integrated luminosity is 

3.4% [13, Ei[ 



QCD background estimation. 

Two different sources of systematic uncertainty arising from 
the method of estimating the QCD background events 
from data have been studied. The stability of the method 
and the small correlation of the two variables (T n ID and 
S^miss) used to define the control regions have been tested 
by varying the S E ™i SS threshold. The systematic uncer- 
tainty due to the correction for signal and EW background 
contamination in the control regions was obtained by vary- 
ing the fraction of these events in the regions within the 
combined systematic and statistical uncertainties on the 
Monte Carlo predictions discussed above. The total un- 
certainty on the QCD background estimation is 3.4%. 

Acceptance. 

The theoretical uncertainty on the geometric and kine- 
matic acceptance factor Aw is dominated by the limited 
knowledge of the proton PDFs and the modeling of 
W boson production at the LHC. 

The uncertainty resulting from the choice of the PDF 
set is evaluated by comparing the acceptance obtained 
with different PDF sets(the default MRST LO*, CTEQ6.6 
and HERAPDF 1.0 0) and within one PDF set by re- 
weighting the default sample to the different error eigen- 
vectors available for the CTEQ6.6 NLO PDF [37|. The 
uncertainty is 1.6 % and 1.0%, respectively, which com- 
bines to 1.9%. 

The uncertainty on the modeling of W production was 
evaluated by comparing the default sample acceptance to 
that obtained from an MC@NLO sample where the parton 



shower is modeled by HERWIG. The difference in accep- 
tance is found to be smaller than 0.5%. 

9. Results 

The results of the analysis relevant to the cross section 
measurement are summarized in Table 2] Within the ac- 



iVobs 


2335 


A'qcd 


127 ± 9 


Aew 


284 ± 43 


A w 


0.0975 ± 0.0019 


Cw 


0.0799 ± 0.0107 



Table 4: Resulting numbers for the cross section calculation. The 
errors include statistical and systematic uncertainties here. 

ceptance region defined in Table [5] they translate into a 
fiducial cross section o^_^. of: 

0.70 ± 0.02 (stat) ± 0.11 (syst) ± 0.02 (hum) nb 

and a total cross section a w \ T oi: 

7.2 ± 0.2 (stat) ± 1.1 (syst) ± 0.2 (lumi) nb. 

After correcting the cross section for the hadronic r decay 
branching ratio BR(t -> hv r ) = 0.6479 ± 0.0007 38] this 
yields the following inclusive cross section a w t -^ T iy T '■ 

11.1 ± 0.3 (stat) ± 1.7 (syst) ± 0.4 (lumi) nb. 

The measured cross section is in good agreement with 
the theoretical NNLO cross section 10.46 ± 0.52 nb @, 0, 
Q and the ATLAS measurements of the W — ¥ ev e and 
W — ¥ fiu cross sections [1, [H| . The comparison of the cross 
section measurements for the different lepton final states 
and the theoretical expectation is shown in Figure [4l This 
is the first W — > tv t cross section measurement performed 
at the LHC. 
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Figure 4: Cross sections for the different W — > £f£ channels mea- 
sured in ATLAS with 2010 data (points). Systematic, luminosity 
and statistical uncertainties are added in quadrature. The theoreti- 
cal NNLO expectation is also shown (dashed line), together with its 
uncertainty (filled area). 
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